for 84 kilometres through the Buenos Aires Metropolitan Region, then divides into two to form the Reconquista Chico and the Tigre. It receives untreated effluent from 12,000 industries, and wastewater from 3 million people, (3) with inadequate or no treatment. In the lower stretches, concentrations of heavy metals exceed the authorized values for water quality for aquatic life; high concentrations of organo-chlorine pesticides were detected, and the dissolved oxygen concentrations were near to zero. (4) The combination of pollutants and reduced flow means that the river's capacity to break down pollution, or dilute non-biodegradable pollutants is exceeded, (5) rendering the waters unfit for most uses.
The dynamic of the affected water system is complex because, in the lower stretches of the Luján and Reconquista rivers, the water regime is influenced by the rains in the high and medium basins, by the fluctuations and flood tides of the Paraná River, by the Río de la Plata tides and by the sudestadas (strong winds from the southeast). These winds hinder the normal flow of the Río de la Plata towards the sea, pushing it instead towards the coast; the rivers and streams that flow into it are also affected. Likewise, the tidal regime of the Atlantic is reflected in the Río de la Plata and in the lower stretches of the Luján River and its tributaries. Here, there is an inversion in the direction of water flow approximately every six hours, in accordance with the tidal regime in the Reconquista, Carapachay and Caraguatá rivers, among others (see Map 2). This flow inversion Zalazar, R H (1996) , "Cuencas hídricas: contaminación y evaluación de riesgo y saneamiento, Instituto provincial de medio ambiente", Government of the Province of Buenos Aires. Topalián (1999) , "Use of algae for monitoring rivers in Argentina, with a special emphasis on the Reconquista River (region of Buenos Aires)", in Prygiel, J, B A Whitton and J Bukowska (editors), Use of Algae for Monitoring Rivers Map 1: The study area produces interchanges of water masses between zones that might be unnoticed in a unidirectional water system. Thus, a water mass that flows down the Reconquista River and through the Aliviador channel reaches the Luján River during the ebb tide. When the tide flow inverts, this water mass is situated at the mouth of the Caraguatá River, and may be pushed upstream by the flood tide, entering the delta island sector through the Caraguatá.
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a. Hydraulic works in the Reconquista River
Over the last four decades, there have been major floods in the Reconquista basin. To control the flooding, in the 1970s a 7.5-kilometre spillway channel was built to relieve the flow of the Reconquista River from a point five kilometres from its mouth up to the Luján River, 5.5 kilometres upstream of its natural confluence. There was a weir that worked mainly when the water level of the Reconquista rose. In 1985, the weir was destroyed by major floods (11,900 hectares were flooded and 200,000 Map 2: Location of sampling sites people affected), and the Reconquista River became linked directly to the spillway channel. In August 2000, within the framework of a project on environmental sanitation and flood control in the Reconquista basin, an embankment was constructed that obstructed outflow from the Reconquista along its natural course, and diverted the whole of its flow to the spillway channel. For several months, the highly polluted waters from the Reconquista, which previously had been divided between the Tigre River (mainly), the spillway channel and the Reconquista Chico arm (to a lesser extent), were diverted to the Luján River upstream, to the island sector between the Caraguatá and Carapachay delta rivers (Map 2). This was partly alleviated by the construction of a sluice gate in the embankment of the main course of the Reconquista, which regulates the rain floodwaters, with 90 per cent of the water flowing through the spillway channel and 10 per cent through the Reconquista Chico and Tigre systems. (6) b. Social and economic aspects
The confluence of the Reconquista, Luján and Paraná basins is in the territorial district of Tigre, which has 300,000 inhabitants (7) and where 23 per cent of households have unsatisfied basic needs. (8) The island sector has 5,000 inhabitants in an area of 24,383 hectares, with more than 350 rivers and streams.
Tigre began to be colonized (9) for agricultural and port activities at the beginning of the seventeenth century. By the end of the nineteenth century, it was the place for the elites of Buenos Aires to spend their weekends and summer holidays. In the 1930s, Tigre was replaced by other tourist centres, and it moved towards production, receiving products from the delta, such as wood, fruit and wicker. Since the 1990s, the local government has been trying to revive the tourist boom that Tigre had previously enjoyed, but giving priority to the mainland over the delta, encouraging the establishment of entertainment facilities (casinos, funfairs) and private urban developments such as major planned urban developments for middle-and upper-income groups. It is currently one of the districts (municipalities) in Buenos Aires with higher population growth, a pole of tourist development and of urban development in the public and private sectors. This relates to the process of suburbanization for middle-and upper-income groups in the city of Buenos Aires and to improvements in road accessibility, a growth in trade and the provision of services, and to an increase in urban insecurity. (10) As a result, Tigre is an important center of micro-tourism (11) in the Buenos Aires Metropolitan Region. Primary activities are only significant in the islands where 10 per cent of the total area is devoted to intensive agriculture and cattle-raising. On the mainland, there are more than 1,000 industries, and light industry prevails over heavy industry. Although industries that damage the environment have been banned, there are still some surviving older industries such as paper mills and slaughterhouses.
With regard to infrastructure for sanitation, almost all the mainland is connected to the public water system, while only the downtown population is connected to the sewer system. Eighty-four per cent of households in the Tigre delta collect water directly from the river. (12) In this delta, there are three distinct population groups with regard to socioeconomic profiles: • A low-income population that undertakes primary activities such as wicker production and the growing of fruit and vegetables, and/or the This study focuses the socio-environmental impacts of the abovementioned hydraulic sanitation works at the mouth of the Reconquista River.
II. METHODOLOGY
DEMOGRAPHIC STATISTICS WERE gathered from the municipality's census of population and housing to identify the vulnerable population with regard to the use and consumption of surface water. Social vulnerability occurs when a population is exposed to or threatened by a phenomenon of human or natural origin, which is liable to cause a disaster. (13) Vulnerability depends on the specific conditions in each community and, depending on the situation, there are groups who are more or less at risk. The concept was applied in order to identify the characteristics of the groups of people exposed to situations that threaten their individual/social development capacity in broad terms.
Risk could be defined here as the interaction between vulnerability and hazard, where hazard is the probability that a phenomenon liable to cause a disaster will occur, and vulnerability the condition whereby a population is exposed. Thus: Risk = Vulnerability x Hazard.
This expression of risk, as the dynamic coexistence of threatening factors with vulnerability factors, indicates that there is an increase in risk when the vulnerability of a population to a possible hazard increases.
Social vulnerability must be specifically assessed with regard to each hazard. This particular work focused on the vulnerability of the population to the health risk from the consumption of non-drinkable water. In order to evaluate this, a social vulnerability index was prepared, which considered how water was accessed, (14) the forms of wastewater discharge, and the population's socioeconomic status. Households were considered as units of social analysis, and the census areas were considered as units of territorial analysis (using the minimum unit of census information).
To establish hazard gradients, water-quality parameters were determined at a variety of sites from the Reconquista, Tigre and Luján rivers, and from several streams in the island sector (Map 2). These were taken at different tide levels in Río de la Plata. The temperature, pH, conductivity, dissolved oxygen and turbidity of sub-surface water were determined in situ. Ordination of sampling sites was performed using principal component analysis based on the correlation matrix. The spatial overlap of the distribution of social vulnerability with the hazard gradient allowed an 14. The questionnaire of the National Census of Population and Housing records only one source, and does not enquire about uses. Thus, it may be impossible to distinguish whether there are several sources of water, and whether such water is intended for drinking, for cooking or for hygiene purposes.
identification of the area with the higher relative risk. Then three different social approaches were used:
• Surveys were undertaken in 20 households located on the banks of the most affected rivers in the focal area, including the first eight kilometres of the Carapachay and Caraguatá rivers, and a stretch of the Luján River (Map 2). The surveys were based on semi-structured interviews designed to obtain qualitative and quantitative information, including household characteristics, water use and consumption habits, perception of pollution, and degree of community participation and organization with regard to water use. • Interviews were undertaken with key informants. Twelve representatives from different sectors of the local community were identified and interviewed, including members of community organizations, public servants, area leaders and people working in the real-estate sector. We tried to gather information on how water pollution (and possible solutions) is perceived by these social stakeholders. From this study, the main areas of social conflict caused by the water engineering works were identified.
• A three-week long ethnographic study was undertaken, (15) with the aim of observing how people live in the focal area exposed to pollution, and of participating in the daily lives of the islands' inhabitants, in order to identify how they have been affected by the water engineering works. The focal area study concentrated on the preparation of a specific vulnerability index, on identifying those factors that increased or reduced risk, on an analysis of the perceptions of the condition of the water resource, and on use and social conflict relating to the water engineering works. To prepare a vulnerability index, the following factors were taken into account: the kind of dwelling, the educational level of the family head, the household's livelihood base, the presence of children and elderly Households' situation of risk was requalified in accordance with two aspects that are considered to increase or decrease it: the level of perception and the level of community participation (see Table 1 ). We understand that a higher level of perception tends to encourage domestic strategies of prevention -treating the water, drinking bottled water or rainwater -thus reducing the risk. And participation in community demonstrations, public events and judicial claims encouraged community organization and increased demands, which had an impact on public opinion and on the actions and decisions of the local administration.
III. RESULTS AND DISCUSSION
IN THE PROCESS of analyzing the hazard, information on the kind of water supply for the population at each site was cross-referenced with its corresponding physicochemical assessment. This allowed the hazard gradients to be compared to the level of social vulnerability with regard to the condition of the water resource.
Eighty per cent of the total variability is explained by the two eigen values extracted by a principal component analysis of the water quality data. The first factor is correlated with dissolved oxygen and conductivity, and the second factor with pH. This allowed three well-defined groups of sampling sites to be identified as follows:
• Aliviador channel waters, with low concentrations of dissolved oxygen and high conductivity, and high pH; • Waters from the middle stretch of the Caraguatá stream and lower stretch of the Carpachay River, with low dissolved oxygen levels and high conductivity, but a lower pH; and • Luján River and Espera stream waters, with higher concentrations of dissolved oxygen and lower conductivity. From this, it was possible to identify a water mass in the middle sector of the delta with a water composition similar to that of the Aliviador channel.
From the physicochemical assessment of the waters, three zones with different degrees of hazard were defined: • The area of high hazard level includes the Reconquista River, the Tigre River and the Aliviador channel. Here, the risk is low because the population is supplied with water through a piped network.
• The area with the lowest hazard level is in the island sector near the Paraná River, in the northern section of the Espera stream. Water samples did not show any effects from the Reconquista River, and the population interviewed in an exploratory survey did not say that they had noticed any changes in water quality.
• The area of intermediate hazard level corresponds to the Carapachay and Caraguatá rivers, up to approximately eight kilometres from their confluence with the Luján River. The water quality analysis showed the presence of water masses, which were the result of waters from the Paraná during periods of ebb tide of the Río de la Plata mixing with waters from the Reconquista-Aliviador system during periods of flood tide of the Plata. As noted in the introduction, the water masses of the Reconquista circulate in this island sector, with a variable level of dilution as a result of contributions from the Luján. The population in this area usually consumes river water, and is therefore exposed to a high For mapping purposes, social vulnerability was considered to be low in those populations who consumed water from the public network or from the deep aquifer, and high in those populations who consumed water from the water table or from the river. In order to categorize vulnerability in accordance with the population's socioeconomic level, the educational level of the family head was used as an indicator of socioeconomic level and level of sanitary/environmental education. The categories were: incomplete primary school, primary school only, and above primary school.
Considering the different combinations of situations of social vulnerability and hazard, three areas of risk can be distinguished:
• An area of high hazard but low vulnerability, corresponding to the coastal area of the Reconquista and Tigre rivers and the Aliviador channel (mainland), where the chemical parameters determine a high
Map 3: The focal area of risk degree of pollution of surface water. In this area, risk is low because the population is supplied with water from the network or underground waters.
• An area of high vulnerability and low hazard, located on the banks of the San Antonio River and the mainland banks of the Luján River. Here, risk is low because most of the population is supplied with water from the river and also has the lowest educational level, but the quality of the water is good.
• An area of high vulnerability and intermediate hazard, located on the banks of the Caraguatá and Carapachay rivers and the stretch of the Luján between these two rivers (shaded area in Map 3). In this area, the risk situation ranges from medium to high because most of the population is supplied with water from the river, has an intermediate educational level and is exposed to the presence of very polluted waters from the Reconquista as a result of the local water regime. Here, there is a situation of higher relative risk, and therefore it was selected as a focal area for an in-depth analysis of the risk.
a. Specific analysis of the situation of risk of households in the focal area
Bearing in mind that the hazard level is uniform in all the focal area due to the fact that the local water dynamic, influenced by the tidal regime, causes the circulation of water masses from the Reconquista River in all the area, a uniform value was allocated to it, so that the index of risk was coincident with the index of vulnerability of the focal area. The results of the application of the index to the households in the focal area showed three levels of risk: • low risk: those who drank bottled water; • medium risk: those who did not drink water from the river but did have a high level of interaction with the river as a result of activities they had developed, for example, the provision of services to tourists and the resident population, production in the islands (fruit and vegetable-growing, floriculture, wood, wicker, otter-hunting); and • high risk: those who drank water from the river.
Finally, the situation of risk of households in the focal area has been recalibrated in accordance with the level of perception of water pollution and the level of community participation in community activities and with organizations linked to the problem of water resources and the delta.
After analyzing the information, it was considered that two-thirds of the households had a high or medium level of risk, and that for 50 per cent of them the risk is increasing due to the low levels of perception and community participation.
b. Qualitative analysis in the focal area
After processing the information from the interviews and field observations made during the survey, a qualitative matrix was developed where the following themes were analyzed:
• perception of the condition of the water resource; • consumption habits; • explanations of the changes in the dynamic of the river and the water quality; and • participation and organization of the community.
Perception of the condition of the water resource. The islanders have several strategies to assess water quality, and these allow them to make decisions about how they will collect the water, and also to anticipate the river flooding. The main criteria are smell, colour and turbidity, and their frequent use makes them popular indicators of the condition of the resource. (16) During the survey, assessments of colour and smell were linked to a serious deterioration in the water resource; for example: "…when the colour is darker, it is very dirty," and "…an indication that the water is poor is that when it rains, small bubbles are formed." Many people mentioned that the changes seemed to occur at specific times of the day; some said in the morning, others at night.
Changes in water turbidity related to an increase in sediments were also mentioned: "…it has been very muddy recently, with much sediment." Other indicators of pollution, as perceived by the islanders, are the presence of dead fish, and a deterioration in the metal in boats and piers. Health problems relating to a deterioration in the river waters include skin problems, diarrhoea and laryngitis. The flora of the islands is also affected.
Consumption habits. In recent years, many households have begun to diversify their water collection and treatment strategies, as they started to notice a deterioration in the river waters, or as a result of health problems. Some collect rainwater, others get it from public taps on the mainland; some drink well water and others have started to buy bottled water. Many of those who buy bottled water to drink use water from the river to cook and for cleaning and hygiene purposes, which they have either treated or boiled.
It is very common for those who still drink water from the river to wait for the ebb tide of the Luján River in order to avoid the polluted tide. At present, some people say that they continue to drink water from the river, although the forms of treatment have increased. They are usually people who belong to the first profile of inhabitants. As a precautionary measure, they filter the water and add chlorine and/or aluminium sulphate. However, they also say that the mud filters don't last as long because of the condition of the water.
Explanations of changes in the dynamic of the river and the water quality. Many of the islanders' explanations for the problems in the delta and for the deterioration in the water resource concern the carelessness of people and their lack of concern about making improvements; in short, it is a "problem of the islander's culture". This can be linked to the fact that the islanders dump waste in the river. There is also agreement on the fact that flooding from the Luján River brings pollution and redistributes the stagnant water in fields and cesspits. It is also believed that the sudestadas make the situation worse.
The strategies of mitigation of sudestadas are part of the islanders' subculture; (17) in fact, for many new inhabitants, their presence in the islands during the great floods is a kind of initiation into this local sub-culture. The population's experience with the sudestadas develops their capacity for anticipation, prevention and resistance, which prevents each sudestada from becoming a local disaster. The pollution and the modifications in the dynamic of the river as a result of the water engineering works have helped weaken local knowledge and adaptation, in that the people no longer know how the sudestadas are going to affect the flow of waters or the flooding patterns.
Many of the people who were interviewed said that the main changes that had taken place since 2000 were as a result of the water engineering works, which are linked to real-estate developments on the mainland, which have an interest in the clean waters of the Tigre River. The people who live at the mouth of the Caraguatá River in the Luján point to the formation of a new lake on the island, which is the result of land-dredging to fill in floodable areas in mainland Tigre, for a new urban development. As one resident pointed out, "…land is more expensive there than here." The impacts were multiple: the island's land and soil were ruined; there was deforestation; the amount of fauna decreased, especially the birds; the water became turbid; and some of the houses in the vicinity of the new lake collapsed as a result of a deterioration in their foundations. Participation and community organization. As a result of local geography, there is a strong perception that: "…the islander lives in isolation", "…the neighbours have neither the time nor the money to become organized", "…the islanders have no one to represent them; there are different groups of people but they are not joined together." This is made even worse because communication networks are weak or non-existent, as are spaces for social interaction. The most common method of communication is through the store boat, and the most common space for interaction is the schools. Other than in the construction of bridges and piers, local government is practically non-existent in the islands. Many people say that this is because the municipality provides no services, nor does it collect maintenance fees for lighting and cleaning; (18) others point out that the number of voters from the islands is insignificant compared to the mainland. In some cases, the lack of a municipal presence in the islands is evident from the fact that there are people from the first section of islands who do not know in which municipality they reside.
As to the organization of islanders, the march carried out to demonstrate against the obstruction of the Reconquista was mentioned as the main public protest. Although many of those interviewed said that they had not been able to participate, the overall assessment of the demonstration was favourable. However, some people stated that the mobilization was not really worthwhile because they would not be able to face up to the decisions of the local government.
c. Social conflict scenarios
In the last few decades, various environmental organizations that arose in response to different socio-spatial and environmental problems in the municipality of Tigre have consolidated. (19) Starting with the diversion of the Reconquista River, these organizations, together with neighbours concerned about the deterioration of the water resource, have promoted public demonstrations, organized fora, participated in public events organized by government institutions, and filed claims. Each of these has become a complex scenario (20) of social confrontation and conflict, where different strategies have been put forward to give legitimacy to people's demands on one side and to justify the water engineering works on the other. Three social confrontation scenarios are presented below: the nautical march, public events, and denunciations before the justice and government bodies.
The "nautical march" and the counter-march: the neutralization of the conflict. Acknowledging that they were victims of pollution, the islanders of the first section of the Tigre delta area carried out a nautical march to demonstrate against the construction of the embankment that caused the diversion of waters. Around 100 boats, canoes and other craft departed from the mouth of the Reconquista in the Luján and sailed across several kilometres of the affected area. A counter-march was organized with neighbours from different areas of mainland Tigre, by those who defended the works as being beneficial for flood control.
There is evidence that this counter-march was organized by area leaders linked to the local government. Nevertheless, those who participated in the counter-march claimed a legitimate right to be protected from floods. In fact, associations of neighbours participated in the counter-march. Thus, the nautical march and the counter-march became the scene for playing out need against need, of flooded people against polluted people. The counter-march diluted the conflict and nothing changed -so the water engineering works ended up determining that certain areas would not get flooded and other areas would get polluted.
Public events: ignoring the knowledge of affected people. The body responsible for the water engineering works in the Reconquista organized at least three meetings. There was no consultation, and even less opportunity for inhabitants to take part in any decision-making. (21) In all these events, government staff and professionals minimized the danger, and ignored the inhabitants' knowledge concerning water deterioration and the tidal regime. Therefore, dialogue became impossible and these instances of participation failed.
Denunciations before the judicial and public bodies. The denunciations linked to this conflict are numerous. Between August 2000 and March 2001, more than 20 denunciations were made by different local stakeholders and institutions, most of them before the nation's ombudsman and, less frequently, before the Ministry of Environmental Policy, the Children and Family Council, UNICEF and other institutions. These denunciations focused on the illegality of the diversion of the river, the removal of the toxic mud, the violation of the rights of children, the alteration of the zoning code, the poisoning of the Tigre delta, etc. They also claimed a violation of the national and provincial constitutions, as well as of numerous national and provincial laws and decrees. (22) IV. CONCLUSIONS IN THIS SYSTEM of a complex water dynamic, which is strongly influenced by the tidal regime of the Río de la Plata, the diversion of most of the flow of the Reconquista River through the Aliviador channel, sending its waters into the Luján River five kilometres upstream from its natural mouth, results in the intrusion of water masses from the Reconquista River into the delta's island sector through the Caraguatá and Carapachay rivers. The result is that water masses from the Reconquista, with high levels of pollutants, circulate in this sector of islands, with variable levels of dilution due to contributions from the Luján River.
The people from the area usually consume water from the river, and therefore have been exposed to a situation of high vulnerability and water risk. Since the diversion of the Reconquista River to the Aliviador channel, people have started to notice a deterioration in water quality and, in some cases, have suffered from health problems. Some households have started to change the way in which they obtain and treat water for consumption, which implies an increase in the cost and/or the time devoted to collection and treatment. Colour, smell and turbidity are important popular indi- cators of the condition of the water resource that warn the population and encourage a diversification of strategies for the collection and treatment of water for domestic consumption, including the purchase of bottled water, water collection from a public tap on the mainland, rainwater collection, and collection from wells and rivers according to the ebb and flood tide regime, as well as filtering and chemical treatment.
The determination of areas of higher risk, based on the integration of social and bio-physicochemical variables, social hazard and vulnerability, was enriched by the qualitative analysis that enabled an assessment of the risk as perceived by the people. Thus, factors that reduced the situation of risk were identified, such as the perception of the condition of the resource and, indirectly, the participation of the community in the social demands. As to this last factor, the participation of the community in the area of study (through marches, public events and denunciations before the judiciary) has a strong impact on public opinion and, to a certain extent, on the actions of the local government.
The water engineering works at the mouth of the Reconquista River are evidence of how environmental costs and benefits are distributed at a social level. There have been attempts to legitimize the situation, by fragmenting civil society and creating antagonism between the "benefited" and the "affected" (flooded versus polluted) people on the one hand, and by discounting the knowledge of islanders concerning the dynamic of the river and water quality. If this water management logic is to continue, the major real-estate and recreational investments will develop Tigre as a modern centre, promoting tourism at the expense of a socio-environmentally deteriorated delta, which is a backdrop to the major recreational and real-estate undertakings.
This study shows that if water resource management is not approached integrally and at an eco-systemic level, socio-environmental costs and benefits will be unevenly distributed. Actions adopted in the municipality of Tigre to control floods, consisting of the diversion of a great part of the flow of the Reconquista River to the Aliviador channel, have caused the intrusion of polluted water masses into the island sector, which results in high social vulnerability. The problem is created because these actions are not accompanied by pollution control works in the medium and high basins of the Reconquista.
An integrated management of water resources should incorporate, along with sanitation and flood control works, institutional agreements for the administration and control of the different uses of the resource. An appropriate strategy, which allows for a rational management of the resource for all social stakeholders, should be developed by an inter-jurisdictional and intersectoral institution (such as, for example, a basin committee) that guarantees socio-environmental equity in the management of the resource.
